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©  An  electromagnetic  proximity  fuse. 

The  invention  relates  to  an  electromagnetic  proximity 
fuse  operating  with  transmission  of  an  electromagnetic 
HF-wave  and  reception  of  a  reflected  wave  received  after 
reflection  against  an  object,  which  reflected  wave  is  com- 
bined  with  the  transmitted  one  for  generating  a  signal  of 
doppler  frequency  (fa)  or  so  called  doppler  signal,  which  is 
used  to  initiate  an  ignition  circuit.  According  to  the  invention 
the  said  doppler  signal  is  led  to  an  analogue  divider  (12) 
together  with  a  delayed  version  of  the  said  doppler  signal. 
The  analogue  divider  (12)  delivers  an  output  signal  of 
doppler  frequency  (fd),  the  amplitude  of  which  is  equal  to  the 
quotient  between  the  prevailing  value  (U1)  of  the  doppler 
signal  and  the  value  of  the  doppler  signal  a  predetermined 
time  interval  previously  (U2).  This  quotient  signal  of  dopper 
frequency  is  led  to  a  filter  (15),  which  at  least  approximately 
has  a  frequency  characteristic  equal  to  1/(fo  +  f),  where  fo  is  a 
system  parameter  and  f  is  the  input  frequency,  i.e.  in  the 
present  case  equal  to  the  doppler  frequency  (fd).  The  output 
signal  from  the  filter  (15)  is  finally  led  to  an  ignition  circuit 
(17)  via  a  threshold  circuit  (6)  having  a  fixed  threshold  in 
order  to  initiate  the  ignition  circuit  (17),  when  the  output 
signal  from  the  filter  exceeds  a  given  value.  Hereby  the 
ignition  circuit  (17)  will  be  triggered  at  a  constant  distance 
from  the  reflecting  object  independently  of  such  unknown 
variables  as  the  approaching  speed,  the  reflection  factor  of 
the  object  and  the  gain  factor  of  the  HF-system. 



The  i n v e n t i o n   r e l a t e s   to   a  p r o x i m i t y   f u s e   f o r  

p r o j e c t i l e s ,   m i s s i l e s   or  t h e   l i k e   c o m p r i s i n g   means   f o r  

t r a n s m i s s i o n   of   an  e l e c t r o m a g n e t i c   wave   and  r e c e p t i o n   o f  

an  e l e c t r o m a g n e t i c   w a v e ,   w h i c h   i s   r e - t r a n s m i t t e d   a f t e r  

r e f l e c t i o n   a g a i n s t   an  o b j e c t ,   w h i c h   r e - t r a n s m i t t e d  w a v e  

i s   c o m b i n e d   w i t h   t h e   t r a n s m i t t e d   one  f o r   g e n e r a t i o n   o f  

d o p p l e r   s i g n a l ,   w h i c h   i s   f e d   to   an  i g n i t i o n   c i r c u i t   v i a   a  

s i g n a l   p r o c e s s i n g   c i r c u i t ,   i n   w h i c h   t h e   d y n a m i c   c o u r s e   o f  

t h e   d o p p l e r   s i g n a l   i s   d e t e r m i n e d   by  c o m p a r i n g   the   p r e -  

v a i l i n g   v a l u e   of  t h e   d o p p l e r   s i g n a l   w i t h   t h e   v a l u e   of  t h e  

d o p p l e r   s i g n a l   a  g i v e n   t i m e   i n t e r v a l   p r e v i o u s l y . . . .  

S u c h   a  p r o x i m i t y   f u s e   i s  k n o w n   by  US  p a t e n t  

4 . 1 9 2 . 2 3 5 ,   w h e r e   t h e   s i g n a l   p r o c e s s i n g   c i r c u i t   c o n s i s t s   o f  

an  a u t o m a t i c   g a i n   c o n t r o l   c i r c u i t   f o r   a  r e c e i v e r   a m p l i f i e r  

c o m p r i s i n g   a  d e l a y   f i l t e r   c o n n e c t e d   i n   t he   f e e d - b a c k   l o o p .  

By  t h e   f a c t   t h a t   t h e   g a i n   c o n t r o l   t a k e s   p l a c e   w i t h   t i m e  

d e l a y   f rom  t h e   o u t p u t   of  t h e   a m p l i f i e r   t h i s   c i r c u i t   w i l l  

p r o d u c e   an  o u t p u t   s i g n a l ,   w h i c h   i s   an  a p p r o x i m a t i v e   v a l u e  

f o r   t he   q u o t i e n t   b e t w e e n   t h e   p r e v a i l i n g   v a l u e   of   t h e  

a m p l i t u d e   of  t h e   d o p p l e r   s i g n a l   and   i t s   a m p l i t u d e   a  g i v e n  

t i m e   i n t e r v a l   p r e v i o u s l y .   T h i s   q u o t i e n t   v a r i e s   i n   a  

c h a r a c t e r i s t i c   m a n n e r   w i t h   t h e   d i s t a n c e   to  t h e   r e f l e c t i n g  

o b j e c t   and  can   c o n s e q u e n t l y   be  u s e d   f o r   i n i t i a t i n g   t h e  

i g n i t i o n   c i r c u i t   a t   a  d e s i r e d   d i s t a n c e   f r o m   t h e   o b j e c t .   T h e  

d y n a m i c   c o u r s e   of   t h i s   q u o t i e n t   i s ,   h o w e v e r ,   d e p e n d e n t  

u p o n   the   a p p r o a c h i n g   s p e e d   of   t h e   p r o j e c t i l e   a g a i n s t   t h e  

o b j e c t   and  i n   o r d e r   to  be  a b l e   to   i n i t i a t e   t h e   i g n i t i o n  

c i r c u i t - a t   a  d e s i r e d   d i s t a n c e   i t   i s   c o n s e q u e n t l y   n e c e s s a r y  

to  know  t h i s   a p p r o a c h i n g   s p e e d .   F u r t h e r m o r e ,   t h e   s a i d  

a u t o m a t i c   g a i n   c o n t r o l   c i r c u i t   i n   t h e   known  d e v i c e   g i v e s   a s  

m e n t i o n e d   o n l y   an  a p p r o x i m a t i v e   v a l u e   on  of  t he   q u o t i e n t  

b e t w e e n   the   a m p l i t u d e   of  t h e   p r e v a i l i n g   d o p p l e r   s i g n a l  

and  i t s   a m p l i t u d e   s a i d   g i v e n   t i m e   i n t e r v a l   p r e v i o u s l y   a n d  



how  good   t h e   a p p r o x i m a t i o n   i s   d e p e n d s   i . a   on  t h e   t i m e   c o n -  

s t a n t   i n   t h e   c o n t r o l   c i r c u i t   i n   r e l a t i o n   to  t h e   d y n a m i c  

b e h a v i o u r   of   t h e   d o p p l e r   s i g n a l ,   w h i c h   in   t u r n   i s   d e p e n d e n t  

u p o n   t h e   a p p r o a c h i n g   s p e e d .  

The  known   c i r c u i t   t h e r e f o r e   o p e r a t e s   i n  

p r i n c i p l e   o n l y   f o r   one  s i n g l e   a p p r o a c h i n g   s p e e d   i n   i t s  

d e s i r e d   f u n c t i o n   to  g i v e   a  c o n s t a n t   d i s t a n c e   of   b u r s t  

and   i t   a l s o   a s s u m e d   i n   t h e   p a t e n t   s p e c i f i c a t i o n   t h a t   t h i s  

a p p r o a c h i n g   s p e e d   i s   c o n s t a n t   and   k n o w n .  

The  o b j e c t   of   i n v e n t i o n   i s   to  p r o p o s e   a  s i g n a l  

p r o c e s s i n g   c i r c u i t   i n   a  p r o x i m i t y   f u s e   of  t h e   k i n d  

d e s c r i b e d   i n   t he   p r e a m b l e ,   w h i c h   p r o d u c e s   a  more   a c c u r a t e  

d e t e r m i n a t i o n   of   t h e   d i s t a n c e   i n d i c a t i n g   f u n c t i o n   t h a n   t h e  

known   c i r c u i t   and  i n   w h i c h   i t   i s   n o t   n e c e s s a r y   to   know  t h e  

a p p r o a c h i n g   s p e e d   b u t   w h i c h   c i r c u i t   w i l l   r e s u l t   i n   a  c o n s e n t ,  

d e s i r e d   d i s t a n c e   of  b u r s t   i n d e p e n d e n t l y   of   t h e   a p p r o a c h i n g  

s p e e d .  

A c c o r d i n g   to  t h e   i n v e n t i o n   t h i s   i s   a c h i e v e d  

t h e r e b y   t h a t   t h e   s i g n a l   p r o c e s s i n g   c i r c u i t   c o m -  

p r i s e s   a d i v i d e r ,   w h i c h   a t   one  i n p u t   r e c e i v e s   t h e   d o p p l e r  

s i g n a l   and  a t   a  s e c o n d   i n p u t   r e c e i v e s   a  d e l a y e d   v e r s i o n   o f  

t h e   d o p p l e r   s i g n a l   and  w h i c h   d i v i d e r   d e l i v e r s   a  s i g n a l   o f  

d o p p l e r   f r e q u e n c y ,   t h e   a m p l i t u d e   o f   w h i c h   c o r r e s p o n d s   to   t h e  

q u o t i e n t   b e t w e e n   t h e   p r e v a i l i n g   v a l u e   of  t h e   a m p l i t u d e   o f  

t h e   d o p p l e r   s i g n a l   and   t h e   a m p l i t u d e   of   t h e   d e l a y e d   v e r s i o n  

o f   t h e   d o p p l e r   s i g n a l ,   w h i c h   s i g n a l   of  d o p p l e r   f r e q u e n c y   i s  

f e d   to  t h e   i g n i t i o n   c i r c u i t   v i a   a  f i l t e r ,   w h i c h   a t   l e a s t  

a p p r o x i m a t e l y   h a s   a  f r e q u e n c y   c h a r a c t e r i s t i c   w h i c h   can   b e  

r e p r e s e n t e d   by  t h e   e x p r e s s i o n .  
1  

f  + f  
w h e r e  f o   i s   a  s y s t e m   p a r a m e t e r   and   f  i s   t h e   f r e q u e n c y   of   t h e  

i n p u t   s i g n a l ,   t h u s   e q u a l   to   t h e   f r e q u e n c y   fd   of  t h e  

d o p p l e r - s i g n a l ,   t r i g g e r i n g   of   t h e   i g n i t i o n   f c i r c u i t  

t a k i n g   p l a c e   when  t he   o u t p u t   s i g n a l   of   t he   f i l t e r   e x c e e d s  

a  c e r t a i n   l e v e l   and  t h e   c o n s t a n t   f   i s   so  d i m e n s i o n e d   i n  

c o m b i n a t i o n   w i t h   t h e   s a i d   t r i g g e r i n g   l e v e l   t h a t   t he   i g n i t i o n  

c i r c u i t   w i l l   b e  t r i g g e r e d   a t   a  g i v e n   d i s t a n c e   f r o m   t h e  

r e f l e c t i n g   o b j e c t .  



By  f e e d i n g   t he   d o p p l e r   s i g n a l   and   t h e  

d e l a y e d   v e r s i o n   of  t h e   d o p p l e r   s i g n a l   to  two  d i f f e r e n t  

i n p u t s   of   an  a n a l o g u e   d i v i d e r   an  e x a c t   m e a s u r e m e n t   o f  

the   q u o t i e n t   b e t w e e n   t h e   p r e v a i l i n g   v a l u e   of   t h e   a m p l i t u d e  

of  t he   d o p p l e r   s i g n a l   and  i t s   a m p l i t u d e   a  g i v e n   t i m e   i n t e r -  

v a l   p r e v i o u s l y   i s   o b t a i n e d   i n   a  s i m p l e   m a n n e r   w h i c h  

q u o t i e n t   v a r i e s   w i t h   t h e   d i s t a n c e   to  t h e   r e f l e c t i n g  

o b j e c t   a c c o r d i n g   to  a  t h e o r e t i c a l l y   k n o w n   f u n c t i o n   c o n -  

t a i n i n g   t h e   a p p r o a c h i n g   s p e e d   a g a i n s t   t h e   t a r g e t ,   and   b y  

t h e r e a f t e r   f e e d i n g   t h e   o u t p u t   s i g n a l   of   t h e   d i v i d e r   to  t h e  

i g n i t i o n   c i r c u i t   v i a   a  f i l t e r   h a v i n g   t h e   m e n t i o n e d   f r e -  

q u e n c y   c h a r a c t e r i s t i c   t he   e f f e c t   of  d i f f e r e n t   a p p r o a c h i n g  

s p e e d s   w i l l   be  c o m p e n s a t e d   and  b u r s t   w i l l   be  i n i t i a t e d   a t  

a  g i v e n   d i s t a n c e   i n d e p e n d e n t l y   of   t h e   a p p r o a c h i n g   s p e e d ,  

i f   t he   i g n i t i o n   c i r c u i t   i s   t r i g g e r e d   when   t h e   o u t p u t  

s i g n a l   of   t h e   f i l t e r   e x c e e d s   a  g i v e n ,   f i x e d   t h r e s h o l d  

l e v e l .  

A  s i m p l e   r e a l i z a t i o n   i s   o b t a i n e d   i f   as  f i l t e r  

w i t h   t h e   s a i d   f r e q u e n c y   c h a r a c t e r i s t i c   i s   s e l e c t e d   a  

c i r c u i t   c o m p r i s i n g   an  R C - l i n k   of   l o w - p a s s   t y p e .   T h i s  

r e s u l t s  ± 1   a  v e r y   g o o d   a p p r o x i m a t i o n   of   t h e   d e s i r e d   f i l t e r  

c h a r a c t e r i s t i c   w i t h i n   a  g i v e n   f r e q u e n c y   b a n d .  

A  b e t t e r   a p p r o x i m a t i o n   of   t h e   d e s i r e d   f r e -  

q u e n c y   c h a r a c t e r i s t i c   i s   o b t a i n e d   i f   as  f i l t e r   i s   u s e d   a n  

R C - f i l t e r   o f   s e c o n d   o r d e r .   W i t h   s u i t a b l e   d i m e n s i o n i n g  

s u c h   a  f i l t e r   c an   g i v e   p r a c t i c a l l y   e x a c t   c o n f o r m i t y   b e t w e e n  

t he   o b t a i n e d   f i l t e r   c h a r a c t e r i s t i c   and  t h e   t h e o r e t i c a l l y  

c o r r e c t   c h a r a c t e r i s t i c   w i t h i n   a  g i v e n   f r e q u e n c y   b a n d .  

The  d e l a y e d   v e r s i o n   of   t h e   d o p p l e r   s i g n a l  

can   a l s o   w i t h   a d v a n t a g e   be  g e n e r a t e d   by  means   of   a  s i m p l e  

l i n e a r   f i l t e r   of  l o w - p a s s   or  b a n d - p a s s   t y p e   p r e c e e d e d   b y  

an  e n v e l o p e   d e t e c t o r   f o r   t he   d o p p l e r   s i g n a l .   The  a d v a n t a g e  

w i t h   t he   u s e   of  s u c h   a  f i l t e r   i n s t e a d   of   a  p u r e   d e l a y   l i n e  

i s   t h a t   t h e   o b t a i n e d   s i g n a l   w i l l   r e p r e s e n t   a  s m o o t h e d  

mean  v a l u e   o f   t he   s i g n a l   d u r i n g   a  f o r e g o i n g   t i m e   i n t e r v a l ,  

w h e r e b y   i n s t a n e o u s   d i s t u r b a n c e s   in   t h e   d o p p l e r   s i g n a l  

w i l l   n o t   h a v e   any   i n f l u e n c e   on  the   d i s t a n c e   i n d i c a t i n g  

q u o t i e n t   s i g n a l   f rom  the   a n a l o g u e   d i v i d e r .  



The  i n v e n t i o n   i s   i l l u s t r a t e d   i n   t h e   a c c o m p a n y i n g  

d r a w i n g s ,   i n   w h i c h  

F i g .   1  shows   a  s i m p l i f i e d   b l o c k   d i a g r a m   f o r   t h e  

e l e c t r i c   s i g n a l   p r o c e s s i n g   c i r c u i t   i n  a   p r o x i m i t y   f u s e  

a c c o r d i n g   to  t h e   i n v e n t i o n .  

F i g .   2a  and   2b  show  two  e m b o d i m e n t s   of  a  f i l t e r  

i n c l u d e d   i n   t h e   c i r c u i t   a c c o r d i n g   to   F i g .   1 ,  

F i g .   3a  and   3b  show  t h e   f r e q u e n c y   c h a r a c t e r i s t i c  

f o r   t h e   f i l t e r s   a c c o r d i n g   to  F i g .   2a  and   2b  t o g e t h e r  

w i t h   t h e   t h e o r e t i c a l l y   c o r r e c t   c h a r a c t e r i s t i c .  

F i g .   4  s h o w s   an  e m b o d i m e n t   of  an  a n a l o g u e   d i v i d e r  

w h i c h   i s   i n c l u d e d   i n   t h e   c i r c u i t   shown  i n   F i g .   1,  a n d  

F i g .   5a  and   5b  show  two  p u l s e   r e s p o n s e s   f o r   a  

d e l a y   n e t w o r k   i n c l u d e d   i n   t h e   c i r c u i t   a c c o r d i n g   to   F i g .   1 ,  

In   F i g .   1  r e f e r e n c e   n u m e r a l   10  d e s i g n a t e s   a  s e n s o r  

u n i t   c o m p r i s i n g   a  H F - o s c i l l a t o r   f o r   g e n e r a t i n g   a  H F - s i g n a l  

and  11  i s   an  a n t e n n a   f o r   t r a n s m i s s i o n   of   t h e   H F - s i g n a l   a n d  

r e c e p t i o n   of   a  r e f l e c t e d   s i g n a l   a f t e r   r e f l e c t i o n   a g a i n s t  

an  o b j e c t .   In   t h e   s e n s o r   u n i t   t h e   t r a n s m i t t e d   and  t h e  

r e c e i v e d   H F - s i g n a l s   a r e   c o m b i n e d   f o r   g e n e r a t i n g   a  d o p p l e r  

s i g n a l   of   d o p p l e r   f r e q u e n c y   f d '   w h i c h   f o r m s   t h e   o u t p u t  

s i g n a l   of  t h e   s e n s o r   u n i t   and  i s   u s e d   to   i n i t i a t e   b u r s t   a t  

a  d e s i r e d   d i s t a n c e   f r o m   the   r e f l e c t i n g   o b j e c t .  

A c c o r d i n g   to   t h e   i n v e n t i o n   t h e   d o p p l e r   s i g n a l  

f r o m   t h e   s e n s o r   u n i t   i s   l e d   to  one  i n p u t   of   an  a n a l o g u e  

d i v i d e r   12,  w h i c h   a t   a  s e c o n d   i n p u t   r e c e i v e s   a  d e l a y e d  

v e r s i o n   of   t h e   e n v e l o p e   of  t h e   d o p p l e r   s i g n a l   g e n e r a t e d  

by  an  e n v e l o p e   d e t e c t o r   13  and  a  d e l a y   n e t w o r k   14.  T h e  

a n a l o g u e   d i v i d e r   s u p p l i e s   a  s i g n a l   w h i c h   i s   e q u a l   to  t h e  

q u o t i e n t   b e t w e e n   t h e   s i g n a l   on  t he   f i r s t   i n p u t   and   t h e  

s i g n a l   on  t h e   s e c o n d   i n p u t .   In   t h e   p r e s e n t   c a s e   t h u s   a  

s i g n a l   of   d o p p l e r   f r e q u e n c y   i s   o b t a i n e d   f r o m   t h e   d i v i d e r  

12,  t h e   a m p l i t u d e   of  w h i c h   i s   e q u a l   to  t h e   p r e v a i l i n g  

a m p l i t u d e   of   t h e   d o p p l e r   s i g n a l   U1  d i v i d e d   w i t h   i t s  

a m p l i t u d e   U2  a  g i v e n   t i m e   i n t e r v a l   p r e v i o u s l y .   T h i s   o u t p u t  

s i g n a l   f r o m   t h e   d i v i d e r   12  i s   l e d   t h r o u g h   a  f i l t e r   15  

h a v i n g   an  a c c u r a t e l y   d e t e r m i n e d   f r e q u e n c y   c h a r a c t e r i s t i c ,  

as  w i l l   be  e x p l a i n e d   more  in   d e t a i l   i n   t h e   f o l l o w i n g ,   t o  



a  t h r e s h o l d   c i r c u i t   16,  t h e   o u t p u t   s i g n a l   of  w h i c h   i s   u s e d  

to  i n i t i a t e   an  i g n i t i o n   c i r c u i t   17.  The  t h r e s h o l d   c i r c u i t  

16  h a s   a  f i x e d   t h r e s h o l d   and  the   i g n i t i o n   c i r c u i t   17  i s  

i n i t i a t e d   a t   a  g i v e n   l e v e l   of   t he   o u t p u t   s i g n a l   of   t h e  

f i l t e r   15  d e t e r m i n e d   by  t h e   f i x e d   t h r e s h o l d   i n   t h e   t h r e s h o l d  

c i r c u i t .   The  p a r a m e t e r s   i n   t h e   c i r c u i t   and   i n   p a r t i c u l a r  

t h e   f r e q u e n c y   c h a r a c t e r i s t i c   of  t he   f i l t e r   i n   c o m b i n a t i o n  

w i t h   t h e   f i x e d   t h r e s h o l d   i n   t h e   t h r e s h o l d   c i r c u i t   16  a r e  

t h e n   so  s e l e c t e d   t h a t   t r i g e r i n g   of  t h e   i g n i t i o n   c i r c u i t  

t a k e s   p l a c e   a t   a  c o n s t a n t ,   d e s i r e d   b u r s t   h e i g h t   a b o v e   t h e  

g r o u n d ,   w h i c h   in   t he   p r e s e n t   c a s e   i s   t h e   r e f l e c t i n g   o b j e c t .  

The  i n v e n t i o n   i s   b a s e d   u p o n   t h e   f o l l o w i n g   t h e o r e t i c -  

a l   d i s c u s s i o n :  

Fo r   a  CW  d o p p l e r   s y s t e m   t he   f o l l o w i n g   r e l a t i o n s h i p  

i s   v a l i d :  

w h e r e   U  =  t h e   a m p l i t u d e   of   t h e   d e t e c t e d   d o p p l e r   s i g n a l ,  

H  =  the   h e i g h t   of   t he   p r o x i m i t y   f u s e   a b o v e   t h e  

g r o u n d  

k  =  a  c o n s t a n t   w h i c h   d e p e n d s   o n  

a)  t h e   r e f l e c t i o n   f a c t o r   of  t he   g r o u n d  

b)  t h e   s e n s i t i v i t y   of   t h e   FF  s y s t e m   and   t h e   d e t e c t o r  

c)  t h e   a n t e n n a   g a i n   of   t h e   p r o x i m i t y   f u s e .  

T h i s   means   t h a t   t h e   d e t e c t e d   a m p l i t u d e   U  a t   a  

g i v e n   h e i g h t   i s   d e p e n d e n t   u p o n   b o t h   t h e   r e f l e c t i o n   of  t h e  

g r o u n d   and   t he   p r o p e r t i e s   of  t he   p r o x i m i t y   f u s e .   In   o r d e r  

to  o b t a i n   an  a c c u r a t e l y   d e t e r m i n e d   b u r s t   h e i g h t   by  m e a n s  

of  t he   CW  d o p p l e r   s y s t e m   t h u s   the   c o n s t a n t   k  m u s t   b e  

k n o w n .   T h i s   c o u l d   be  a c h i e v e d   t h e r e b y   t h a t   one  t r i e s   t o  

d e t e r m i n e   k  as  a c c u r a t e l y   as  p o s s i b l e   b e f o r e   f i r i n g   t h e  

p r o j e c t i l e ,   on  w h i c h   t h e   p r o x i m i t y   f u s e   i s   m o u n t e d ,   a n d  

t h e r e a f t e r   s e t s   a  s u i t a b l e   t h r e s h o l d   l e v e l   f o r   t h e   a m p l i t u d e  

U  in   t h e   p r o x i m i t y   f u s e .   A c c o u n t   t h e n   m u s t   be  t a k e n   to  t h e  

s e n s i t i v i t y   of  the   p r o x i m i t y   f u s e   on  t h e   a c t u a l   p r o j e c t i l e  

and  t h e   r e f l e c t i o n   f a c t o r   of  the   g r o u n d   i n   t he   t a r g e t   a r e a .  

An  a l t e r n a t i v e   m a n n e r   to  o b t a i n   c o n s t a n t   h e i g h t   o f  

b u r s t   i s   to  d e t e r m i n e   t h e   c o n s t a n t   f r o m   t h e   d y n a m i c   b e h a v i o u r  

of  t he   s i g n a l ,   when  t he   p r o x i m i t y   f u s e   a p p r o a c h e s   g r o u n d .  



I f   U1  d e s i g n a t e s   t h e   a m p l i t u d e   of   the   d o p p l e r  

s i g n a l   a t   t he   h e i g h t   h  and   U2  d e s i g n a t e s   t he   a m p l i t u d e   a t  

the   h e i g h t   (h  +  x)  t h e n   a c c o r d i n g   to  t he   r e l a t i o n s h i p  

(1)  t h e   f o l l o w i n g   i s   v a l i d :  

By  d i v i d i n g   t he   r e l a t i o n s h i p   (2)   w i t h   (3)   t he   f o l l o w i n g   i s  

o b t a i n e d  

The  h e i g h t   d i f f e r e n c e   x  i s   t h e   e q u a t i o n   (3 )   c o r -  

r e s p o n d s   to  a  t i m e   d e l a y   T  a c c o r d i n g   to   t h e   r e l a t i o n s h i p :  

w h e r e   v  =  t h e   v e r t i c a l   s p e e d   of   t h e   p r o j e c t i l e .  

By  i n s e r t i n g   d e s i r e d   h e i g h t   of  b u r s t   H0  and   a  

s u i t a b l e   v a l u e   on  t h e   t i m e   c o n s t a n t   T  i n   t he   r e l a t i o n s h i p  

(4)  t h u s   t h e   f o l l o w i n g   c o n d i t o n   can   be  o b t a i n e d   f o r   t h e  

t r i g g e r i n g   of  t he   i g n i t i o n   c i r c u i t   of  t h e   p r o x i m i t y   f u s e :  

A  c o n d i t i o n   f o r   t h e   u s e a b i l i t y   of  t he   a b o v e  

r e l a t i o n s h i p   f o r   t r i g g e r i n g   t h e   i g n i t i o n   c i r c u i t   i s   t h a t  

the   v e r t i c a l   s p e e d   v  i s   k n o w n ,   a l t e r n a t i v e l y   t h a t   c o m p e n -  
s a t i o n   i s   made  f o r   v a r y i n g   v .  

For   t he   CW  d o p p l e r   s y s t e m   t he   f o l l o w i n g   i s   v a l i d  

w h e r e  λ  =   t h e   w a v e l e n g t h   of   t h e   t r a n s m i t t e r   of  t h e  

p r o x i m i t y   f u s e   a n d  

fd   =  t h e   d e t e c t e d   d o p p l e r   f r e q u e n c y .  

The  d e p e n d e n c e   on  t h e   v e r t i c a l   s p e e d   v  t h e r e f o r e  

can  be  c o m p e n s a t e d   t h e r e b y   t h a t   t he   t r i g g e r i n g   c o n d i t i o n  

i s   made  d e p e n d e n t   u p o n   t h e   m a g n i t u d e   fd   w h i c h   i s   e a s y   t o  

m e a s u r e   in   t h e   p r o x i m i t y   f u s e .  

T h i s   can   be  e f f e c t e d   i n   t he   f o l l o w i n g   m a n n e r :  

From  t h e   e q u a t i o n s   (6)   and  (7)   t he   f o l l o w i n g   i s  

o b t a i n e d :  



o r  

In  t h e   r e l a t i o n s h i p   (9)   Ul  i s   as  p r e v i o u s l y   m e n -  

t i o n e d   the   a m p l i t u d e   of  t he   d o p p l e r   s i g n a l   a t   t he   p r e -  

v a i l i n g   h e i g h t   h,  w h i l e   U2  i s   t h e   c o r r e s p o n d i n g   a m p l i t u d e  

T  s e c o n d s   e a r l i e r .   The  q u o t i e n t   U1/U2  v a r i e s   w i t h   t h e  

d e c r e a s i n g   h e i g h t   h  i n   s u c h   m a n n e r   t h a t   i t   f o r   l a r g e   h e i g h t s  

i s   p r a c t i c a l l y   e q u a l   to  o n e .   The  l e f t   h a n d   t e r m   i n   t h e  

r e l a t i o n s h i p   (9)   i s   t h e n   s m a l l e r   t h a n   t h e   r i g h t   h a n d   t e r m  

and  t h e   s t a t e d   u n q u a l i t y   i s   n o t   f u l f i l l e d .   When  h  d e c r e a s e s  

and  a p p r o a c h e s   O,  i . e .   when  t h e   p r o j e c t i l e   w i t h   t h e   p r o x i m i -  

ty   f u s e   a p p r o a c h e s   g r o u n d ,   t h e   q u o t i e n t   U1/U2  w i l l   i n c r e a s e  

r a p i d l y   and  a t   a  c e r t a i n   v a l u e   on  U1/U2  t he   l e f t   h a n d   t e r m  

w i l l   be  l a r g e r   t h a n   t he   r i g h t   h a n d   t e r m .   T h i s   o c c u r s   a t  

a  v a l u e   on  the   q u o t i e n t   w h i c h   i s   v a l i d   f o r   the   h e i g h t  

h  =  H  .  
o 

Thus  t h e   r e l a t i o n s h i p   (9)   c an   be  u t i l i z e d   f o r  

i n i t i a t i n g   b u r s t   a t   t h e   d e s i r e d   h e i g h t   Ho  i f   t h e   q u o t i e n t  

U1/U2  i s   c o n t i n u o u s l y   m e a s u r e d   and   i f   t h i s   q u o t i e n t   i s  

e x p o s e d   to  a  s i g n a l   p r o c e s s i n g   w h i c h   i s   r e p r e s e n t e d   by  t h e  

e x p r e s s i o n   1 / ( H o  2  λ T   +  f d ) ,   w h e r e   fd   i s   t he   d o p p l e r  

f r e q u e n c y   and  i f   t h e   i g n i t i o n   c i r c u i t   i s   t r i g g e r e d   w h e n  

t h e   so  o b t a i n e d   s i g n a l   e x c e e d s   λ  T / 2 H o .   T r i g g e r i n g   w i l l  

t h e n   t a k e   p l a c e   a t   t h e   h e i g h t   H  .  
A c c o r d i n g   to  t h e   i n v e n t i o n   t h i s   i s   r e a l i z e d   b y  

means   of  t h e   c i r c u i t   shown  i n   F i g .   1,  w h e r e   t he   d i v i d e r   12 

g e n e r a t e s   a  s i g n a l   of   t h e   f r e q u e n c y   f d  w h i c h   has   an  a m -  

p l i t u d e   c o r r e s p o n d i n g   to  U1/U2  i f   t h e   t i m e   d e l a y   i n   t h e  

n e t w o r k   14  i s   made  e q u a l   to  I .   The  f i l t e r   15  d e l i v e r s   a  

s i g n a l   c o r r e s p o n d i n g   to  t h e   l e f t   h a n d   p a r t   of  t he   r e l a t i o n -  

s h i p   (9)  i f   i t   ha s   a  f r e q u e n c y   c h a r a c t e r i s t i c   F  i . e .   t h e  

r a t i o   b e t w e e n   o u t p u t   v o l t a g e   and   i n p u t   v o l t a g e ,   e q u a l   t o :  



w h e r e   f  i s   t h e   f r e q u e n c y   of  t h e   i n p u t   s i g n a l ,   i . e .   i n   t h e  

p r e s e n t  c a s e   e q u a l   to  t h e   d o p p l e r   f r e q u e n c y   f d ,   a n d  

f  =  H o 2  λ  
o 

I n i t i a t i o n   of   b u r s t   t h e n   w i l l   t a k e   p l a c e   a t   t h e   h e i g h t  

h  =  H  i f   t h e   t h r e s h o l d   i n   t h e   t h r e s h o l d   c i r c u i t   i s   s e t  
0 

e q u a l   t o  λ  T / 2 H o   and   t h e   i g n i t i o n   c i r c u i t   i s   i n i t i a t e d  

when  t he   t h r e s h o l d   i s   e x c e e d e d   i n   t h e   t h r e s h o l d   c i r c u i t .  

Thus   t he   f i l t e r   15  s h a l l   h a v e   a  c h a r a c t e r i s t i c  

w h i c h   i s   a p p r o x i m a t e l y   e q u a l   to  1 / ( f   +  f o ) .   A  f i l t e r   w h i c h  

with  good   a p p r o x i m a t i o n   g i v e s   h a s   a  f r e q u e n c y   c h a r a c t e r i s t i c  

w i t h i n   a  g i v e n   f r e q u e n c y   r a n g e r s   shown  i n   F i g .   2  a.   T h e  

f i l t e r   i s   an  R C - f i l t e r   of   f i r s t   o r d e r   and   c o n s i s t s   of   a  

s i m p l e   RC  l i n k   of   l o w - p a s s   t y p e   c o m p r i s i n g   t h e   r e s i s t a n c e  

Rl  and  t h e   c a p a c i t o r   Cl  of   l o w p a s s   t y p e   f o l l o w e d   by  a n  

a t t e n u a t o r   D1.  The  f r e q u e n c y   c h a r a c t e r i s t i c   of  t h e   f i l t e r  

w i t h i n   t he   f r e q u e n c y   r a n g e   1 0 - 1 0 0 0   Hz  i s   shown  by  t h e  

d a s h e d   l i n e   i n   F i g .   3a ,   w h e r e   t he   i d e a l   c h a r a c t e r i s t i c  

a c c o r d i n g   to  t h e   r e l a t i o n s h i p   (10 )   i s   shown  by  a  c o n t i n u o u s  

l i n e .  

The  shown  c o i n c i d e n c e   b e t w e e n   t h e   f r e q u e n c y  

c h a r a c t e r i s t i c s   i s   n o r m a l l y   s u f f i c i e n t .   H o w e v e r ,   i f   a  

b e t t e r   a d a p t i o n   i s   d e s i r e d   a  f i l t e r   a c c o r d i n g   to   F i g .  

2b  can   be  u s e d .   H e r e   a  f i l t e r   of   s e c o n d   o r d e r   i s   s h o w n ,  

w h i c h   c o n s i s t s   of  a  s e r i e s   l i n k   c o m p r i s i n g   t h e   r e s i s t a n c e  

R2  f o l l o w e d   by  t h e   p a r a l l e l   c o m b i n a t i o n   R3,  C2  and   a  

p a r a l l e l   l i n k   w i t h   t h e   c a p a c i t o r   C3  f o l l o w e d   by  a n  

a n t e n u a t o r   D2.  I t s   c h a r a c t e r i s t i c   i s   shown  by  t h e   d a s h e d  

and  d o t t e d   l i n e   i n   F i g .   3b,   t h e   c o n t i n u o u s   l i n e   a g a i n  

r e p r e s e n t i n g   t he   i d e a l   c h a r a c t e r i s t i c .  

A  s i m p l e   e m b o d i m e n t   of   an  a n a l o g u e   d i v i d e r   w h i c h  

c a n  b e   u s e d   i n   t h e   c i r c u i t   a c c o r d i n g   to  F i g .   1  i s   s h o w n  

in   F i g .  4 .   H e r e   M  d e s i g n a t e s   an  a n a l o g u e   m u l t i p l i c a t o r ,  

w h i l e   O  i s   an  o p e r a t i o n   a m p l i f i e r   and  R  i s   an  i n p u t   r e s i s t -  

a n c e .   The  c i r c u i t   h a s   two  i n p u t   t e r m i n a l s   X  and  Y  and  o n e  

o u t p u t   t e r m i n a l  .   I f   t h e   s i g n a l s   a t   t h e   d i f f e r e n t   t e r m i n a l s  

a re   g i v e n   the   same  d e s i g n a t i o n s   as  t h e   r e s p e c t i v e   t e r m i n a l  

i t   i s   e a s y   to  p r o v e   t h a t  



Thus   i n   t h e   p r e s e n t   c a s e   t h e   d o p p l e r   s i g n a l   f r o m   t h e  

s e n s o r   u n i t   s h a l l   be  l e d   to  t h e   t e r m i n a l   X  and   t he   d e l a y e d  

d o p p l e r   s i g n a l   to  t h e   t e r m i n a l   Y,  w h i l e   t h e   s i g n a l   a t   t h e  

t e r m i n a l   Z  s h a l l   be  l e d   to  t h e   f i l t e r   1 5 .  

The  d e l a y   c i r c u i t   14  i n   F i g .   1  may  f o r   e x a m p l e   b e  

r e a l i z e d   as  an  a n a l o g u e   C C D - s h i f t r e g i s t e r .   T h i s   r e s u l t s  

i n   an  i d e a l i z e d   d e l a y   c i r c u i t   w i t h   a  p u l s e   r e s p o n s e   w h i c h  

i s   shown  i n   F i g .   5a .   More  f a v o u r a b l e   i s ,   h o w e v e r ,   to  u s e  

a  l i n e a r   f i l t e r   h a v i n g   a  p u l s e   r e s p o n s e   a c c o r d i n g   to  F i g .  

5b.   T h i s   r e s u l t s   i n   a  r e s p o n s e   w h i c h   i s   a  d e l a y e d   a v e r a g e  
v a l u e   of   t h e   a p p l i e d   s i g n a l .   In   t h i s   m a n n e r   a  s m o o t h i n g  

e f f e c t   w i l l   be  o b t a i n e d ,   w h i c h   makes   t h e   s y s t e m   l e s s  

s e n s i t i v e   f o r   i n s t a n t a n e o u s   d i s t u r b a n c e s   i n   t h e   d e t e c t e d  

d o p p l e r   s i g n a l .  

E x c e p t   t he   shown   e l e m e n t s   t h e r e   m u s t   a l s o   b e  

m e a n s ,   w h i c h   p r e v e n t   u n i n t e n t i o n a l   t r i g g e r i n g   when  t h e  

s i g n a l   l e v e l s   a r e   low  and  t h e   s y s t e m   i n d e f i n i t e .   T h e s e  

means   may  s u i t a b l y   be  r e a l i z e d   by  s e t t i n g   c o n d i t i o n s   u p o n  
t h e   a b s o l u t e   s i z e   of  t h e   s i g n a l   l e v e l s   f o r   t r i g g e r i n g .  

The  f u n c t i o n   r e p r e s e n t e d   by  t h e   b l o c k s   1 2 - 1 6   in   F i g u r e   1 

m i g h t   e a s i l y   be  r e a l i s e d   by  a  p r o g r a m m e d   m i c r o p r o c e s s o r .  



1.  A  p r o x i m i t y   f u s e   f o r   p r o j e c t i l e s ,   m i s s i l e s   or   t h e  

l i k e   c o m p r i s i n g   means   f o r   t r a n s m i s s i o n   of  an  e l e c t r o -  

m a g n e t i c   wave   and   r e c e p t i o n   of   an  e l e c t r o m a g n e t i c   w a v e  

w h i c h   i s   r e t r a n s m i t t e d   a f t e r   r e f l e c t i o n   a g a i n s t   an  o b j e c t ,  

w h i c h   r e t r a n s m i t t e d   wave  i s   c o m b i n e d   w i t h   t h e   t r a n s m i t t e d  

wave  f o r   g e n e r a t i n g   a  d o p p l e r   s i g n a l ,   w h i c h   i s   f e d   to   a n  

i g n i t i o n   c i r c u i t   v i a   a  s i g n a l   p r o c e s s i n g   c i r c u i t ,   w h e r e  

t he   d y n a m i c   c o u r s e   of  t he   d o p p l e r   s i g n a l   i s   d e t e r m i n e d  b y  

c o m p a r i n g   t h e   p r e v a i l i n g   v a l u e   of   t he   d o p p l e r   s i g n a l   w i t h  

the   v a l u e   o f   t h e   d o p p l e r   s i g n a l   a  g i v e n   t i m e   i n t e r v a l  

p r e v i o u s l y ,   c h a r a c t e r i z e d   t h e r e b y   t h a t   t h e   s i g n a l  

p r o c e s s i n g   c i r c u i t   c o m p r i s e s   a  d i v i d e r   w h i c h  

a t   one  i n p u t   r e c e i v e s   t he   d o p p l e r   s i g n a l   and   a t   a  s e c o n d  

i n p u t   r e c e i v e s   a  d e l a y e d   v e r s i o n   of  t h e   d o p p l e r   s i g n a l ,  

and  w h i c h   d i v i d e r   d e l i v e r s   a  s i g n a l   of  d o p p l e r   f r e q u e n c y ,  

t he   a m p l i t u d e   of   w h i c h   c o r r e s p o n d s   to  t he   q u o t i e n t   b e t w e e n  

t h e   p r e v a i l i n g   v a l u e   of  t h e   a m p l i t u d e   of  t h e   d o p p l e r  

s i g n a l   and   t h e   a m p l i t u d e   of   t h e   d e l a y e d   v e r s i o n   of  t h e  

d o p p l e r   s i g n a l ,   w h i c h   s i g n a l   o f   d o p p l e r   f r e q u e n c y   i s   f e d  

to  t he   i g n i t i o n   c i r c u i t   v i a   a  f i l t e r ,   w h i c h   a t   l e a s t  

a p p r o x i m a t e l y   h a s   a  f r e q u e n c y   c h a r a c t e r i s t i c   w h i c h   c a n  

be  r e p r e s e n t e d   by  t he   e x p r e s s i o n :  

w h e r e   f   i s   a  s y s t e m   p a r a m e t e r   a n d  f   i s   t h e   f r e q u e n c y   o f  

t he   i n p u t   s i g n a l ,   t h u s   e q u a l   to   t h e   f r e q u e n c y   fd   o f   t h e  

d o p p l e r   s i g n a l ,   t r i g g e r i n g   of  t h e   i g n i t i o n   c i r c u i t   t a k i n g  

p l a c e   when   t h e   o u t p u t   s i g n a l   of   t h e   f i l t e r   e x c e e d s   a  

c e r t a i n   l e v e l   and   t h e   c o n s t a n t   f o  b e i n g   so  d i m e n s i o n e d  

in   c o m b i n a t i o n   w i t h   t he   s a i d   t r i g g e r i n g   l e v e l   t h a t   t h e  

i g n i t i o n   c i r c u i t   i s   t r i g g e r e d   a t   a  g i v e n   d i s t a n c e   f r o m  

the   r e f l e c t i n g   o b j e c t .  

2.  A  p r o x i m i t y   f u s e   as  c l a i m e d   i n   t h e   C l a i m   1 ,  

c h a r a c t e r i z e d   t h e r e b y   t h a t   t h e   f i l t e r ,   w h i c h   a p p r o x i m a t e s  



t h e   s a i d   f r e q u e n c y   c h a r a c t e r i s t i c ,   i s   a  f i l t e r   of  f i r s t  

o r d e r   c o m p r i s i n g   an  R C - l i n k   of  l o w p a s s   t y p e .  

3.  A  p r o x i m i t y   f u s e   as  c l a i m e d   in   t h e   C l a i m   1 ,  

c h a r a c t e r i z e d   t h e r e b y   t h a t   t h e   f i l t e r   i s   an  R C - f i l t e r   o f  

s e c o n d   o r d e r .  

4.  A  p r o x i m i t y   f u s e   as  c l a i m e d   in   any   of   t h e   C l a i m s  

1 - 3 ,   c h a r a c t e r i z e d   t h e r e b y   t h a t   t h e   d e l a y e d   v e r s i o n  

of  t h e   d o p p l e r   s i g n a l   i s   g e n e r a t e d   by  means   of  a  l i n e a r  

f i l t e r   of   l o w p a s s   or  b a n d p a s s   t y p e   p r e c e e d e d   by  an  e n v e l o p e  

d e t e c t o r   f o r   t h e   d o p p l e r   s i g n a l .  
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